Background: We examined whether mammographic density predicts risk of second breast cancers among patients with ductal carcinoma in situ (DCIS).
Introduction
The diagnosis of ductal carcinoma in situ (DCIS) has increased >5-fold since the early 1980s, due mainly to the increase in mammographic screening (1) . It is estimated that ∼58,000 new cases of DCIS were diagnosed in the United States in 2008 (2) .
The use of breast-conserving surgery for DCIS also has increased dramatically over the last 25 years, and up to 70% of DCIS patients in the United States are now treated with lumpectomy or wide excision (3, 4) . DCIS patients treated with breast-conserving surgery are at increased risk of invasive cancer in the involved (i.e., ipsilateral) breast (5-7) and, to a lesser extent, in the uninvolved (i.e., contralateral) breast (8) . Few strong predictors of these second cancers have been identified.
Mammographic density, or the proportion of the breast area in the mammogram that is occupied by radiologically dense breast tissue, is one of the strongest established risk factors for the development of a first primary invasive breast cancer (9) and probably for first primary DCIS as well (10) . The appearance of breast tissue on a mammogram is determined by the relative amounts of fat, collagen, and epithelial tissue (11, 12) . Collagen and epithelial tissue have high radiologic density, whereas fat appears translucent.
Mammographic density is influenced by genetic factors (11) . It is inversely associated with age and body mass index (BMI), and is higher in nonparous than parous women (9, 12) . Density is reduced by tamoxifen (13) and by a gonadotropin-releasing hormone agonist (14) , and is increased with estrogen-plus-progesterone and, to a lesser extent, with estrogen-alone menopausal hormone therapy (15, 16) . Higher density seems to be associated with higher circulating levels of insulin-like growth factor (11, 17) and prolactin (18) . Given that it is influenced by some hormones and growth factors, it seems plausible that mammographic density might be related to risk of breast cancer progression as well as risk of new primary disease.
In 2004, we reported that higher breast density was associated with increased risk of second breast cancers among a subset of DCIS patients participating in the National Surgical Breast and Bowel Project B-17 clinical trial (19) . A more recent analysis of DCIS patients conducted among women in the Breast Cancer Surveillance Consortium also showed an increased risk of second breast cancers associated with higher density, but this increased risk was only observed for the contralateral breast (20) .
The purpose of this study was to examine the association between mammographic density and risk of subsequent cancer in the ipsilateral and contralateral breast among a cohort of DCIS patients treated with breastconserving surgery in the community setting.
Materials and Methods

Study population and design
We conducted a cohort study within the membership of Kaiser Permanente of Northern California. Kaiser Permanente Northern California is a nonprofit, integrated health services delivery organization that provides care for >3 million members at 14 hospitals and 23 outpatient clinics. Its membership is racially and ethnically diverse, and is demographically similar to the general population of northern California, although it tends to underrepresent the extremes of the socioeconomic spectrum (21) (22) (23) . The study was approved by the Kaiser Permanente Institutional Review Board.
The Kaiser Permanente Northern California tumor registry, a contributor to the Surveillance, Epidemiology, and End Results program of cancer registries, was used to identify all female health plan members diagnosed with a first primary unilateral DCIS (International Classification of Diseases histology codes 85002, 85012, 85032, 85042, 85072, and 85222) between January 1990 and December 1997. Patients were eligible if they were 20 to 84 years old at diagnosis, were treated with breastconserving surgery, and had at least six months of membership in the health plan after diagnosis. Women were excluded if they had bilateral breast cancer at diagnosis or had a prior cancer (breast or other site).
Information on the index DCIS, second cancers, and other clinical factors
Information obtained from the Kaiser Permanente Northern California tumor registry included diagnosis date, laterality, and treatment of the index DCIS. As with Surveillance, Epidemiology, and End Results registries, the Kaiser Permanente Northern California tumor registry records information on new primary cancers only, and cancer events considered to be recurrences are not captured. We therefore conducted a standardized review of patient medical records, including pathology reports, to confirm data from the registry and to identify all subsequent breast cancer events (DCIS or invasive disease), including those in the ipsilateral breast, regional or distant metastases, and contralateral cancers. In addition, medical record information was obtained on several patient and clinical factors, including reproductive history, family history of breast cancer, menopausal status, hormone use at diagnosis, height, weight, and history of benign breast disease. Data on surveillance mammography after DCIS were collected, and pathology reports of the index DCIS were reviewed by the study pathologist (B.P.) to obtain information on status of surgical margins, histologic growth pattern, tumor size, nuclear grade, presence of microinvasion, microcalcifications, and necrosis. Breast cancer diagnosed within 6 months of the index DCIS was considered to be part of the initial disease episode. For example, if a woman had an invasive breast cancer in the first 6 months, she was excluded because she was considered to have invasive disease at diagnosis. If she had another DCIS within the first 6 months, this was considered to be part of the initial DCIS (i.e., re-excision of the initial lesion).
Density assessment
The diagnostic mammograms, including standard and magnification views, for the index DCIS were retrieved and reviewed by a Kaiser Permanente mammographer. Blinded to study outcomes, breast density was classified according to the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) system into four categories: almost entirely fat, scattered fibroglandular tissue, heterogeneously dense, and extremely dense.
Films from the standard views of the involved breast were also sent to the mammographic density expert, Martine Salane (MSW Consulting, Bloomfield Hills, MI). A manual compensating polar planimeter was used to measure the total breast area (in cm 2 ) and the total area of dense tissue (in cm 2 ; as described in ref. 24) . Percent density was calculated as the area of dense tissue divided by the area of the breast. Note that the DCIS tumor was not excluded from the measurements of the ∼28% of patients with a visible tumor mass. Parenchymal pattern assessment was based on criteria defined by Wolfe et al. (24) . Briefly, the N1 pattern includes breasts composed primarily of fat, the P1 pattern includes breasts composed mainly of fat with prominent ducts occupying up to 25% of the breast, the P2 breast has prominent ducts occupying >25% of the breast, and the DY breast is characterized by poorly defined sheet-like regions of densities admixed with areas of fat and without visible ducts. Unidentified for the readers, 10% of assessed films were sent for rereview by the mammographer and density expert, and 20% of films from the contralateral breast (in addition to those from the ipsilateral breast) were sent to the density expert for review. Of the 10% assessed films, the intraclass correlation coefficient of percent density = 0.98 and the mean difference in percent density assessments = 0.04% (95% confidence interval, 0%-1.08%). For parenchymal pattern assessments, κ = 0.7 (95% confidence interval, 0.6-0.9).
The intraclass correlation coefficient of percent density between the ipsilateral and contralateral breasts is 0.96.
Analysis
Entry into the cohort began 6 months after the index DCIS and ended at diagnosis of an invasive or in situ cancer (including lobular carcinoma in situ), end of membership in the health plan, death, ipsilateral mastectomy for any reason, or date of last chart note (at time of review), whichever came first. Cox regression modeling was used to estimate hazard ratios while controlling for confounding variables (25) . Cumulative incidence curves were also generated (26, 27) . Time since diagnosis (in months) was used as the time axis in regression models and in the cumulative incidence curves. End points of interest included the following: any second breast cancer (DCIS or invasive), any recurrence (ipsilateral or regional/distant disease), invasive breast cancer, ipsilateral breast cancer, and contralateral breast cancer. Mammographic density was examined when classified according to BI-RADS (almost entirely fat, scattered fibroglandular tissue, heterogeneously dense, extremely dense), parenchymal pattern (N1, P1, P2, DY), total area of density in quintiles, and percent density (0%, <25%, 25-49%, 50-74%, 75-88%). Although their addition to our models did not materially change the hazard ratio estimates, the following factors were included in all models because of their established strong association 1990-1991, 1992-1993, 1994-1995, 1996-1997) , radiotherapy (yes, no), and tamoxifen therapy (yes, no). In addition, we examined the following as potential confounders: status of surgical margins (positive, negative), receipt of follow-up mammograms (yes, no in the 12 mo before each failure time), race/ethnicity (White, Black, Asian, other), menopausal status (premenopausal, postmenopausal), menopausal hormone use at diagnosis (none, former, current), history of first degree relative with breast cancer (yes, no), history of benign breast disease (yes, no), tumor size (<1 cm, 1-1.9 cm, ≥2 cm), comedo necrosis (yes, no), nuclear grade (low, intermediate, high), and distribution of microcalcifications (none, cluster <1 cm, >1 cm, scattered). Missing values were included as a separate category. None of these potential confounders had any appreciable effect on hazard ratio estimates and were therefore not included in our final models.
The proportional hazards assumption was tested by fitting models containing cross-product terms between time (log) and the density measure. In general, there was no evidence of nonproportionality in any analysis, with the exception of parenchymal pattern in relation to any second breast cancer with a borderline Wald significance test for interaction (P = 0.07). These analyses should be interpreted as averaged over time, with the recognition that the strength of associations varies somewhat over time.
We also conducted subanalyses to explore whether associations with density measures varied by adjuvant therapy, age, menopausal status, BMI, and time since DCIS diagnosis.
Results
A total of 1,221 potentially eligible DCIS patients were identified. Of these, 208 (18%) were ineligible for one or more of the following reasons: miscoding of DCIS in the tumor registry (n = 27), prior breast cancer (n = 88), bilateral breast cancer at diagnosis (n = 6), treatment of index DCIS with mastectomy (n = 34), age ≥85 years at diagnosis (n = 14), and not followed within the health plan for at least 6 months (n = 47). In addition, medical records were unavailable on 7 patients, and mammograms could not (1990-1991, 1992-1993, 1994-1995, 1996-1997 Approximately 60% of the study cohort was ≥55 years old at diagnosis of DCIS, and 75% were nonHispanic White ( Table 1 ). The majority of DCIS was detected on a routine screening mammogram, and of those with tumor size available on the pathology report, 53% were <1 cm (not shown). Approximately half were treated with adjuvant radiotherapy, and 60% had ≥2 biopsies or surgeries (not shown). Final surgical margins were free of tumor in 91% of patients (not shown). Note that patients categorized as having free surgical margins included those with no evidence of disease on re-excision.
During a median follow-up of 103 months (range, 6-189 mo) after the index DCIS, there were 228 women who had a subsequent breast cancer as a first event. Median time to subsequent breast cancer was 43 months. Of these first events, 164 (72%) were in the ipsilateral breast, 5 (2%) were regional or distant metastases (without ipsilateral breast involvement), and 59 (26%) were in the contralateral breast. The cumulative incidence at 5 years was 0.13 for ipsilateral cancer, <0.01 for regional or distant disease, and 0.03 for contralateral cancer (not shown).
There were 257 patients (27%) who had ≥50% of the breast occupied by dense tissue and 21 patients (2%) whose breasts were classified as DY pattern; 125 patients (13%) had breast classified as extremely dense according to BI-RADS (Table 2) . After adjusting for diagnosis year, age, BMI at diagnosis of the index DCIS, and treatment (radiotherapy, hormonal) of the index lesion, those with the greatest area of density (upper 20% of values) were at approximately double the risk for a subsequent breast cancer or a subsequent invasive cancer compared with those with the smallest area of density (bottom 20%). For any subsequent breast cancer, the strength of association was similar when comparing those in the highest with those in the lowest density category based on parenchymal pattern or based on BI-RADS. In contrast, risk was not elevated in those with the highest versus those in lowest category of percent density.
Associations between density and risk of second breast cancer seemed to differ by laterality of the cancer and were strongest for contralateral cancer (Table 3 ). Relative *Adjusted for age (continuous), BMI (<20, 20 to <25, 25 to <30, 30 to <35, ≥35), radiotherapy (yes, no), tamoxifen (yes, no), and diagnosis year (1990-1991, 1992-1993, 1994-1995, 1996-1997) . † P-value for linear trend.
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Cancer Epidemiology, Biomarkers & Preventionrisks were not materially modified when we restricted the follow-up period to <2 or ≥2 years after the index DCIS. When analyses were restricted to patients without a visible tumor mass, associations were slightly weaker for parenchymal pattern, essentially the same for area of density, and slightly stronger for BI-RADS (not shown). Attempts to look at time intervals after diagnosis were limited by small numbers but did not reveal a clear pattern. Relative risks also did not vary appreciably across subgroups based on age, treatment, menopausal status, or BMI (not shown).
Discussion
Our results provide additional supporting evidence for an increase in risk of second breast cancers among DCIS patients with mammographically dense breasts. This association seems to be strongest and most consistent for risk of cancer in the contralateral breast. In addition, the association with risk of contralateral cancer is similar in strength to what has been previously reported for mammographic density and risk of primary breast cancer among women without a history of breast cancer.
Some limitations should be considered when interpreting our results. The study was conducted among patients treated in the community setting, and follow-up was not standardized as is typical in clinical trials. However, we reviewed the medical records, including pathology and mammography reports, of all DCIS patients during their follow-up period and so should have complete ascertainment of subsequent breast cancer events. Our risk estimates were based on density assessments of diagnostic films of the involved or ipsilateral breast that did not exclude dense areas associated with a tumor mass. However, results were not materially changed when we restricted our analysis to patients without a visible mass. In addition, the concordance of density measurements was extremely high in the 20% random sample for which assessments were made in both the involved and uninvolved breast. Density assessments have been found to be quite variable in many studies that have not used radiologists or technicians trained in assessing density (28), and we therefore used an expert whose measurements are highly reproducible and have been strongly associated with risk in several breast cancer studies (24, (29) (30) (31) . Whereas the distribution of DCIS patients across density categories was very similar to what has been reported for healthy women of a similar age range (29) , the number of patients and breast cancer events in some of the density categories was quite small, resulting in risk estimates that were unstable.
Our results contrast somewhat with those from our previous study conducted among participants in the National Surgical Breast and Bowel Project B-17 clinical trial (19) . In that study, higher percent density, also measured centrally by the same density expert, was associated with a 3-fold increase in risk for both the ipsilateral and contralateral breasts, although the estimates for the contralateral breast were imprecise due to small numbers. In addition, the increased risk was only observed for women in the highest density category (≥75% dense tissue). It is not clear why the current study did not find an increased risk of either ipsilateral or contralateral cancer for those in the highest category of percent density, although the small number of women in this category is a possible explanation. In the National Surgical Breast and Bowel Project study, there was a more modest and nonstatistically significant increase in risk of ipsilateral breast cancer among women with greater breast density based on parenchymal patterns and total area of breast density, although again the number in some density categories was quite small. Density was not classified by BI-RADS in the National Surgical Breast and Bowel Project B-17 study.
Our current BI-RADS finding of an increased risk only in the contralateral breast is largely in agreement with those found by Hwang et al. (20) . Whereas we did not collapse categories, BI-RADS categories in the Hwang et al. study were collapsed into high (BI-RADS 3 and 4) and low densities (BI-RADS 1 and 2). In that study, high versus low breast density was associated with a 3-fold increase in risk of contralateral invasive breast cancer among women treated with lumpectomy alone and among those treated with lumpectomy plus radiotherapy; density was not associated with risk of ipsilateral cancer. As in our study, they found that the results did not change materially with time interval after initial DCIS.
Higher breast density also has recently been observed to be associated with increased risk of local but not distant recurrence among two relatively small studies of women with invasive breast cancer (32, 33) . Neither study reported on the association between density and risk of contralateral cancer.
A large number of studies have examined the association between mammographic density and risk of primary invasive breast cancer (34) . To our knowledge, only one study has examined mammographic density (measured as percent density) and risk of new primary DCIS (10) . In studies of invasive disease, associations generally have been stronger in those that use quantitative measures of the percent of the breast occupied by dense tissue (29, 35) than in those that use parenchymal patterns. Associations have also been found to be substantially stronger in studies that use percent density than in those that use BI-RADS (34) . Only a few studies have reported on the association between breast cancer risk and total area of density (29, 36) , and associations also have been weaker than what has generally been reported for percent density.
The biological mechanisms responsible for the relation between mammographic density and the risk of developing a new primary breast cancer have not been established, although several possible explanations have been proposed (11, 29, 37, 38) . Most established risk factors for breast cancer are hormone-related, and others may act by modulating the activity of growth factors in breast tissue (37, 39, 40) . It has been proposed that mammographic density principally reflects proliferation of breast stroma (37) . The formation and maintenance of dense breast tissue may be the result of an interaction between breast stroma and epithelium through paracrine growth factors, and related to circulating levels of growth factors and hormones, such as insulin-like growth factor and prolactin (11, 37) . Parenchymal patterns and percent mammographic density also may be related to breast cancer risk because they in part measure epithelial structures, and the amount of epithelial tissue may be related to breast cancer risk (41) .
Our finding of an increased risk of subsequent breast cancer among DCIS patients associated with highly dense breasts is consistent with several of the mechanisms noted above. However, these mechanisms do not provide a potential explanation for why the elevated risk of second cancer associated with high breast density seems to be greater for the contralateral than for the ipsilateral breast. It is possible that mammographic density is only related to new primary cancer, and the more modest increase observed for the ipsilateral breast is due to an association with only those ipsilateral cancers that are new primaries (∼25%). It is also possible that breastconserving surgery removes a materially important amount of dense tissue and therefore attenuates the associated risk in the ipsilateral breast. Further research will be needed to confirm our findings and to elucidate the biological mechanisms.
Although breast cancer mortality rates are very low for women with a recent history of DCIS (42) (43) (44) , those treated with breast-conserving surgery are at increased risk of subsequent invasive cancer in the ipsilateral and contralateral breast (8, 45) . To date, only a few modestly prognostic factors have been identified. Together with the findings from two other reports, our study results suggest that mammographic density assessment at diagnosis may aid in the prediction of risk for second cancers among women with DCIS. This information may be important to patients and doctors when making treatment decisions, especially given recent data suggesting increasing rates of contralateral prophylactic mastectomy in DCIS patients (46) . However, precise and consistent estimates of risk for specific density categories will be needed before clinical utility can be established. Because higher mammographic density predicts lower sensitivity and specificity of screening mammography (47, 48) , high breast density may have clinical relevance on the accuracy of follow-up mammography for DCIS patients as well.
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